Background Some studies have found an association between spontaneous abortion and adverse birth outcome in the subsequent pregnancy, but results are conflicting, maybe due to lack of confounder control.
Risk of preterm delivery, low birthweight and growth retardation following spontaneous abortion: a registry-based study in Denmark Olga Basso, a J0rn Olsen a and Kaare Christensen b Background Some studies have found an association between spontaneous abortion and adverse birth outcome in the subsequent pregnancy, but results are conflicting, maybe due to lack of confounder control.
Methods
Using population-based registries we identified a cohort of 45 449 women having a livebirth preceded by a spontaneous abortion ('abortion cohort'), and a random sample of 9752 women with two consecutive livebirths ('reference cohort'). We examined the risk of preterm (<37 weeks gestation) and very preterm delivery (<34 weeks), low birthweight and growth retardation in both births in the reference cohort compared with births following an abortion, controlling for social factors and interpregnancy interval.
Results
Compared to second births in the reference cohort, the abortion cohort had higher risks for preterm (odds ratio [OR] = 1.74, 95% CI: 1.5-2.0) and very preterm delivery (OR = 2.17, 95% CI: 1.7-2.7), low birthweight (OR = 1.76, 95% CI: 1.5-2.1), and growth retardation (OR = 1.50, 95% CI: 1.4-1.6). In the reference cohort 3 .9% of the pregnancies ended as preterm deliveries, 1% as very preterm, 3.3% as low birthweight, and 8.1% as growth retarded. Women with two or more previous abortions had a higher risk for preterm and very preterm delivery. When first liveborns of women in the reference cohort were compared with first liveborns in the abortion cohort, only deliveries before 34 and 37 weeks' gestation were associated with previous abortion. Conclusions Spontaneous abortion is associated with preterm delivery (both <34 and <37 weeks) in the subsequent pregnancy. Women who become pregnant following an abortion should receive special attention in the antenatal clinics. Keywords Spontaneous abortion, low birthweight, preterm delivery, growth retardation, cohort study Accepted 10 December 1997
A spontaneous abortion may indicate a high risk of adverse outcomes in subsequent pregnancies if spontaneous abortion and these outcomes share some common causes, or if an abortion or its treatment is a risk factor in itself. A spontaneous abortion may in that case call for special attention in the following pregnancy. A number of hypotheses have been raised to explain recurrent abortion, most of which relate to immunological aspects. 1 A low ratio of prostacydin to thromboxane was found to be associated with recurrent abortion, and this can increase the risk of pregnancy complications by provoking microthromboses in the uterus. 2 ' 3 Also preterm delivery appears to be associated with an altered ratio of these substances; 4 this has been hypothesized as a possible biological mechanism behind the association between recurrent spontaneous abortion and preterm delivery. 5 A history of previous abortion has been found to be associated with an increased risk of preterm delivery by some, 5 " 9 but not others. 101 ' Low birthweight and impaired fetal growth have also been associated with recurrent spontaneous abortion, 512 but results are conflicting. 6 ' 8 ' 9 - 13 Alberman et a/.
14 observed a reduced birthweight in newborns preceding an abortion compared with that of newborns followed by another birth. Christiansen et al. 15 observed a lower mean birthweight in women who later experienced recurrent abortions.
Most studies did not consider the time span between the abortion and the next conception as a possible intervening factor. A short interpregnancy interval may play a role if the uterus ADVERSE SUBSEQUENT BIRTH OUTCOME AFTER SPONTANEOUS ABORTION 643 needs time to recover after an abortion, or if an abortion increases the risk of infections. The length of the interpregnancy interval will in many instances be associated with fecundity and thus reproductive failures.
1016 " 18 The aim of this study was to estimate the risk of preterm delivery, low birthweight and impaired fetal growth in women whose previous pregnancy resulted in a spontaneous abortion.
Methods
The study was conducted as a historical cohort study. All data come from population-based registries. We compared the risk of preterm delivery, low birthweight and growth retardation in 45 449 pregnancies following a spontaneous abortion (abortion cohort) considering social factors as well as the interpregnancy interval. The risk was compared with that of 9752 women whose previous pregnancy was a live birth (reference cohort) and with the risk in the first livebom of primiparous women in the latter cohort.
Registries and data
The data for this study were obtained from computerized registries located at the National Board of Health and Statistics Denmark. All data concerned women who had at least two pregnancies during the study period.
From the Medical Birth Registry we extracted all births occurred between 1980 and 1992 in mothers who experienced at least one spontaneous abortion during the same time period. The reference cohort was based upon a 5% random sample of pregnancies in the general population of mothers who had at least two pregnancies in the same time period. The extracted variables were: date of birth, gender of newborn, vital status (liveborn or stillborn), birthweight and gestational age, age of the mother, municipality of residence, presence of congenital malformations, complications during delivery, degree of specialization of the hospital at which the birth took place.
The Danish National Registry of Patients (NRP) has since 1977 recorded discharge diagnoses for patients admitted to all hospitals in Denmark (excluding diagnoses for mental diseases). Data on spontaneous abortions were obtained from this source.
The Fertility Database is located at Statistics Denmark and comprises information on cohabitation and employment status for all those of fertile age starting from the 1945 birth cohort. The social variables in the Fertility Database are obtained from other population-based registries on education, employment and income recorded at the 1 January each year. 19 Data on social status of the mother were obtained from this source.
Since 1968 all residents in Denmark have had a unique identification number (CPR), which is used for all administrative purposes.
By using the CPR number, the data from the Medical Birth Registry and the NRP were linked to the Fertility Database in order to ascertain employment status of the mother at the time of birth/abortion.
Identification of spontaneous abortions
The NRP reponed any hospital contaa for the woman during the period 1979-1992 and from this source we selected ICD-8 codes 64.300-64.999 to identify abortions or fetal losses. Since coding errors are present in the register, we excluded hospitalizations occurring within 2 months from the previous one, assuming the most recent event to be a complication of the preceding abortion. All hospitalizations coded as abortions overlapping the reported time of pregnancy were excluded as probable misclassifications. Based upon these rules 4260 recorded spontaneous abortions were excluded from the original 87 851 records identified during the entire period.
Classification of social status
Social status was categorized into low, middle, and high, according to the job held at the time of pregnancy. The original recording consisted of a ten-point classification used by Statistics Denmark. We used social status of the mother since the father was not directly identified in case of spontaneous abortion.
In the low social class the following categories were included: unemployed, retired, unskilled manual workers and unspecified and unknown job levels. In the middle category were office workers, students, skilled manual workers and assisting spouses. Finally, in the high category were all high ranking office workers, managers, self-employed office workers and small enterprise or shop owners.
Computation of the interpregnancy interval
The interpregnancy interval was defined as the time from termination of the index pregnancy to the estimated conception date of the outcome pregnancy leading to a birth. All outcome pregnancies in which either gestational age or birthweight were missing (n = 1333) were excluded.
The conception date of the outcome pregnancy was estimated by subtracting the number of completed weeks of gestation to the date of birth. The interpregnancy interval was the time elapsed from the index outcome to the next conception. The intervals were categorized in months as follows: ^4, 4.01-8.00, 8.01-12.00, 12.01-24.00, 24.01-36.00, 36.01-60.00 and >60.
Definition of outcomes
Low birthweight was defined as a weight <2500 g; preterm and very preterm deliveries as deliveries occurring before 37 and 34 completed weeks of gestation respectively. Small for gestational age was a birthweight below the gender-specific 10th percentile for each week of gestation estimated from the 5% random sample and all preterm deliveries in Denmark between 1980 and 1992 in women with at least two pregnancies (total sample = 47 815 pregnancies).
Definition of the cohorts
We identified the 'abortion cohort' as 45 449 women who had a spontaneous abortion followed by a livebirth. From the 5% random sample extracted from the population of women who had at least two pregnancies during the same study period we identified 9752 women who had two consecutive livebirths and they served as the 'reference cohort'. Twins were excluded in the outcome birth. The index birth included 39 twins (counted as one event). The outcome of birth was examined according to whether the previous (index) pregnancy was a spontaneous abortion and risks of preterm delivery, impaired fetal growth and low birthweight were estimated in the second (outcome) birth. First live singletons of women who did not report a spontaneous abortion in the reference cohort were also compared to outcome births in the abortion cohort (or the same outcomes.
Statistical analysis
Separate logistic regression analyses were performed comparing the risk of preterm delivery (both definitions), low birthweight and small for gestational age according to previous spontaneous abortion. The analyses were adjusted for age of the mother, social status at the time of the index pregnancy, and change of social status between the two pregnancies. Each time interval in the abortion cohort was compared with the reference cohort. The risk of preterm and very preterm delivery, retarded fetal growth and low birthweight in women who had had an abortion in the index pregnancy and no previous liveborn was, furthermore, compared with the risk of these outcomes in the first liveborn of mothers in the reference group in order to have comparable parity groups. Subanalyses considering only pregnancies for which the last menstrual period (LMP) was reported as certain by the midwife were done for preterm and very preterm delivery.
Results Table 1 shows the main characteristics of the two cohorts. Women who had a previous spontaneous abortion were slightly younger but had similar social status. They had shorter average interpregnancy interval and thus less social mobility in both directions between the two pregnancies. The overall proportions of preterm delivery, low birthweight and growth retardation in the outcome pregnancy were on average 2% higher in deliveries following an abortion compared to those following a birth. Deliveries occurring before 34 completed weeks were almost twice as frequent following an abortion, though the prevalence was very low in both cohorts. Table 2 shows that the risks of preterm delivery, low birthweight and growth retardation increase as the interpregnancy interval increases in the abortion cohort. More than 50% of the women in the abortion cohort became pregnant again within 8 months, while 57% of the women in the reference cohort waited for more than 2 years.
In Table 3 the odds ratios (OR) and 95% CI are presented for the four outcomes and stratified by interpregnancy interval. In each stratum the comparison is made with the whole reference cohort. The Table shows that there is an increased risk for all studied outcomes following a spontaneous abortion. For preterm delivery and, to a lesser extent, growth retardation a moderate time trend is apparent, which is not seen for low birthweight. All OR are adjusted for age of the mother, mother's social status at the index pregnancy and change of social status between the two pregnancies. The risk of very preterm delivery in the abortion cohort is high in all intervals. The OR adjusted for interpregnancy interval in women whose LMP was considered certain (8353 in the reference cohort and 38 626 in the abortion cohort) were 1.69 (95% CI : 1.48-1.94) for preterm delivery and 2.18 (95% CI : 1.70-2.80) for very preterm delivery.
The risk of preterm delivery and low birthweight is highest in women below 20 and above 35 years, and the risk of growth retardation decreases with increasing age of the mother. The risk decreases with increasing social status for all outcomes (data not shown).
Restricting the analysis to women who had two or more previous abortions indicated a dose-response relationship in a a Odds ratios are adjusted for mother's age, social status at enrolment, change of social status between the two pregnancies b Adjusted also for gestatlonal age (in completed weeks). subsequent pregnancy only for preterm delivery and very preterm delivery (Table 4) . When considering only women with certain LMP (8353 in the reference cohort and 4425 in the abortion cohort) the OR were 2.24 (95% CI : 1.84-2.72) for preterm delivery and 3.60 (95% CI: 2.57-5.02) for deliveries before completion of the 34th week. All OR were adjusted for interpregnancy interval, social status and age of the mother. When first livebirths in the reference cohort were compared with first livebirths following an abortion, the only outcome for which a previous abortion represented a risk indicator was preterm delivery, especially delivery before 34 completed weeks. Before adjusting for gestational age there was an increased risk for low birthweight in the abortion cohort, which was entirely explained by the excess of preterm deliveries in this group (Table 4) . AJso in this case the restriction to women with certain LMP (5666 in the reference cohort and 17 966 in the abortion cohort) did not modify the findings.
Discussion
Our results indicated that previous spontaneous abortion is a risk indicator especially for very preterm delivery and also for preterm delivery. The proportion of growth retarded babies was lower than expected in the outcome infant in the reference cohort, but this was likely due to the fact that most of these women were of parity two, while in the abortion cohort a larger proportion of the women were of parity one, primiparity being a risk factor for growth retardation. 20 When only women of parity one were taken into consideration, the proportion of growth retarded infants was approximately 12% in both cohorts.
The results do not necessarily indicate that spontaneous abortion is a cause in itself, but some common mechanism could be shared by spontaneous abortion and preterm delivery. 1 -5 -14 The observed risks may be underestimated due to remaining misclassification of the index abortion. If the abortion cohort included women without a spontaneous abortion, the contrast between the two cohorts is then reduced towards the null.
We did not have data to discriminate between spontaneous and induced preterm deliveries, but since we excluded twins and stillborns we are not likely to have a high proportion of the latter group. Furthermore, an induced preterm delivery is only performed in high risk situations.
It is difficult to deal properly with the interpregnancy interval since it is a proxy measure for several possible confounders such as previous pregnancy experience, fecundity (the time taken to obtain a wanted pregnancy) and depletion of vitamins and minerals as a result of a pregnancy. If a wanted pregnancy ended as a miscarriage, the woman will often try again and the most fecund will have a short interval. The same mechanism is not expected in the reference cohort. In this cohort, a short interpregnancy interval may rather indicate a high risk due to depletion of nutrients. Previous results from this cohort indicated only a high risk of preterm delivery only after a very short interval. 21 Due to this asymmetry in distribution of interpregnancy interval in the two cohorts, and the background for the difference, adjustment for interpregnancy intervals is difficult. We therefore provide adjusted and stratified estimates. We lacked information on other confounders, such as smoking, and we could only adjust for social status of the mother (as a proxy for lifestyle factors) which was significantly associated with all outcomes. Residual confounding may be an alternative explanation, but it would most likely have also manifested itself when looking at low birthweight and fetal growth in primiparous women, which was not the case.
Differential misdassification of gestational age is a serious problem. But all subanalyses which only included women whose LMP was reported as certain did not show any variation in the risks. Furthermore, low birthweight was associated with history of abortion in women with parity one before adjusting for gestational age, and birthweight is a rather accurate measure.
It appears that the risk of preterm delivery in the subsequent pregnancy is high in women with previous spontaneous abortion. This finding is supported by an increased risk in women with a history of two or more abortions and in primiparous women with a previous abortion compared with primiparous women in the reference cohort, which is in line with some of the previous findings. 6 In this group the excess of low birthweight children was entirely explained by the increased risk of preterm delivery.
The primiparous women used as the reference, however, were a selected group since they all had a subsequent live birth, which could indicate that they had an underlying risk of preterm delivery lower than that in the general population.
Births following a spontaneous abortion are at higher risk of preterm delivery, especially very preterm deliveries, and these pregnancies need to be carefully monitored during antenatal care, regardless of what causes this association.
